Objective: The aim of this study was to explore the risk factors of schistosomiasis japonica in China, using a hierarchical multi-level model with individuals nested within villages. Methods: A cross-sectional survey of schistosomiasis japonica was conducted in 16 villages in the Chinese province of Hunan. A multi-level modeling technique (HLM version 6.04) was used to assess risk factors of schistosomiasis. The results from this multi-level model were compared with those from a conventional single-level logistic regression model. Results: A total of 10 245 individuals were enrolled in this study, of whom about 4.1% were infected with Schistosoma japonicum. In the multi-level model analysis, individual level variables such as gender, age, and occupation, and village level variables such as type of S. japonicum endemic area, drinking water source, sewage treatment, June temperature, and April rainfall were associated with schistosomiasis japonica infection. Conventional single-level logistic regression analysis selected more independent variables, and had narrower confidence intervals around the corresponding regression coefficients. In particular, per capita income, precipitation in October, and density of infected snails were statistically significant in the conventional singlelevel logistic regression analysis but not in the multi-level model.
Introduction
Schistosomiasis is a major public health problem, affecting 200 million people in 74 countries worldwide. 1 The Dongting Lake region is one of the endemic regions of schistosomiasis in China, with a total of one million people and more than 300 000 domestic animals infected with Schistosoma japonicum. It is estimated that snail habitats in the lake region cover 3795 km 2 .
2
Although the immediate route of schistosomiasis japonica infection is through contact with contagious water, the mode of transmission is complex. A variety of social, biological, and environmental factors can affect the likelihood of infection with schistosomiasis japonica. These include socio-demographic factors such as sex, age, occupation, income, education, agricultural activities, and water sources; 3, 4 biological factors such as genetics and infectious status of snails and livestock; 5 and natural environmental factors such as temperature and precipitation. 6 These risk factors can be divided into two broad groups: factors that are unique to each individual, such as sex, age, occupation, income, education, and genetics, and ecological factors that are shared by individuals living in the same community (e.g., village), such as water sources, infectious status of snails and livestock, temperature, and precipitation.
Previous studies of risk factors for schistosomiasis japonica have been conducted using traditional analytical methods at either the individual level or the ecological level, thereby ignoring the hierarchical structure of the data. Failure to take into account the hierarchical structure of data can underestimate the standard errors of the model parameters, and lead to inflated type I error rates. These problems can be avoided using multi-level modeling, which incorporates the hierarchical structure of the data. Multilevel models were first developed by statisticians in the UK and the USA in the 1980 s based on variance component analysis. [7] [8] [9] More recently, it has become a popular statistical tool in the social sciences. 10 The objective of the present study was to explore the uses of multi-level models in the assessment of risk factors of schistosomiasis japonica.
Materials and methods
We conducted a cross-sectional survey in 16 villages in the Chinese province of Hunan in 2005, representing the national schistosomiasis japonica surveillance sites in the province. These villages represent various geographic areas with different snail habitat types and severity of schistosomiasis japonica. These areas are divided into four loosely defined types: lake-embankment type, lake-beach type, inside embankment type, and hill type. Lake-embankment type represents villages that are located close to the lake but inside the embankment. Residents in these villages get infection of schistosomiasis japonica mainly through contacts with water in the lake or on the beach. Lake-beach type represents villages that are located close to the lake with no embankment. Residents in these villages get infection of schistosomiasis japonica largely through contacts with water in the lake or on the beach. Inside embankment type represents villages that are located inside the embankment but far away from the lake. Residents in these villages get infection of schistosomiasis japonica mainly through farming or recreation activities in snail-ridden areas within the embankment. Hill type represents villages that are located in mountain and hill areas. Residents in these villages get infection of schistosomiasis japonica through farming or recreation activities in streams, drains, culverts, ravines, and other fields with snail habitats. All residents aged 6 years or older were invited to participate in the study.
The outcome variable was the status of schistosomiasis japonica infection of the individual study subjects. The indirect hemagglutination test (IHA) was first used to screen for the presence of antibodies to S. japonicum. IHA-positive cases were then tested by stool examination. One stool specimen was obtained from each patient and three KatoKatz thick smears were prepared. Schistosomiasis japonica infection was diagnosed if any of the three Kato-Katz smears was positive. Schistosomiasis japonica infection in a sample of livestock (including 818 cattle, 201 sheep, and two horses) was measured by miracidium hatching methods. 11 A snail survey using a combined method of environmental sampling and systematic sampling techniques was conducted in April of the survey years, and snail infection density (per 0.11 m 2 ) was estimated accordingly.
Individual level independent variables considered in this study representing potential risk factors for schistosomiasis included sex, age, and occupation. The village was chosen as the geographical unit for ecological level variables, with a single value of each ecological variable considered calculated or determined for each village. Thus, all study subjects living in the same village had the same value of each villagelevel risk factor for schistosomiasis. Ecological variables considered in this study included geographic characteristics of the study villages (lake-embankment, lake-beach, inside embankment, and hill type), socioeconomic status (per capita income), drinking water source (proportion of subjects using safe drinking water), sewage treatment (proportion of subjects using hygienic lavatories), prevalence of schistosomiasis japonica infection among livestock, density of snail infection, temperature, and precipitation. The continuous variables were categorized into subgroups. The cut-off points for continuous variables were based on the literature and the preliminary analysis of the variables collected in the current study (Table 1) .
Because our data were hierarchical in nature, with individuals nested within the villages, we used a two-level random-intercept multi-level model for statistical analysis.
Conclusions: Multi-level modeling is a useful tool in the analysis of risk factors of schistosomiasis japonica. Because the multi-level model captures the hierarchical structure of the data, it may be considered a more appropriate analytical tool for data of this type. This technique may also be useful in the analysis of other infectious diseases with a similar hierarchical structure. # 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
This method allows for variation in the baseline schistosomiasis rate across villages, while assuming that the effect of each variable in the model is the same within each village. Since the dependent variable was binary, we used the logistic form of the multi-level model in HLM version 6.04. 12 We first conducted a series of univariate analyses to assess the association between each of the individual and ecological risk factors and schistosomiasis infection. We then built a null model, which included no individual level or village level risk factor. This null model served as a baseline for comparison with other models, from which we estimated the intra-class correlation (ICC) in the data. The ICC represents the proportion of the total variance explained by the presence of clusters (villages) in the data. The correlation coefficients estimated from the null model were used to compute the expected schistosomiasis infection rate for a cluster (village). All variables that were significant ( p < 0.05 in univariate analyses) were included as covariates in the full model, and a backward stepwise regression method ( p < 0.05 for entry and p > 0.1 for removal) was used to identify the significant independent variables from the initial multi-level models. Finally, we used conventional logistic regression models, with the same dependent and independent variables used in the multi-level models, to estimate the adjusted odds ratios (and 95% confidence intervals) for schistosomiasis, and compared the results from the single-level logistic regression models with those from multi-level models. This study was approved by the Research Ethical Board of Hunan Institute of Parasitic Diseases.
Results
A total of 10 245 individuals were tested by IHA, of whom 2457 were positive. Among the 2457 IHA-positive subjects, 2320 were examined by the Kato-Katz thick test, from which 394 positives were diagnosed. Accounting for the loss of follow-up from IHA test to stool examination, the estimated overall prevalence was 4.1% ((394/2320) Â (2457/10 245)).
In the univariate analysis, both individual-level variables (specifically, sex, age, and occupation) and village-level variables (endemic type, per capita income, drinking water source, proportion using hygienic lavatory, proportion of infection of livestock, density of infected snail, average temperature in June, and average precipitation in April, September and October) were strongly associated with schistosomiasis infection (Table 1 ).
The null model demonstrated significant ( p < 0.01) variation in the schistosomiasis japonica infection rate among villages; in particular, the ICC indicated that 52% of the total variance could be attributed to village level variables. The results of multi-level model analysis showed that both individual-level variables (specifically, gender, age, and occupation) and village-level variables (type of schistosomiasis endemic area, drinking water source, sewage treatment, June temperature, and April rainfall) were associated with schistosomiasis infection (Table 2) . Compared with the multi-level hierarchical model, conventional single-level regression analysis selected more independent variables and yielded narrower confidence intervals on the regression coefficients in the model, especially for village level variables.
Discussion
Multi-level modeling has been widely used in research in education, demography, psychology, sociology, and agriculture. [13] [14] [15] To our knowledge, application of this analytical tool in studies of infectious disease has been limited. A few studies have been carried out on schistosomiasis infection in Africa, [16] [17] [18] mostly used Bayesian analysis or Bayesian spatial analysis of schistosomiasis infection in school children, including one study on the relationships between anemia and parasitic infections (including schistosomiasis) in Kenyan school children. 19 However, no study has compared the results obtained from multi-level models with conventional logistic regression analysis, and no application of this analytical tool for S. japonicum research has been reported in China. Hierarchical data is commonly encountered in epidemiologic studies, such as in cross-sectional studies based on cluster sampling. Multi-level models provide a powerful tool for the analysis and evaluation of data with a hierarchical structure, because it allows for the simultaneous examination of the effects of cluster-level and individual-level covariates. 20 Inter-individual and inter-group variation can be examined, and the relative contributions of individual-level and cluster-level variables can be assessed.
Based on the null model used in the present study, prevalence of schistosomiasis japonica varied significantly among villages (with about 50% of the total variation arising from village-level variables in the null model), suggesting that characteristics of the village play an important role in schistosomiasis japonica infection. The fact that the risk factors for schistosomiasis japonica identified in our study were mainly at the village level underscores the need for application of multi-level models in the analysis of hierarchical data of the type considered here.
In the final multi-level model, individual level variables accounted for only 0.64% of the total variation. This was due mostly to unavailability of important individual level variables. A particularly important missing individual level variable was exposure to potentially contaminated water, which is the immediate cause of schistosomiasis infection. Another important missing individual level variable was treatment history, which can change the infection status of the individual. Of the variables available to us, village-level variables accounted for 89.1% of the total variation in schistosomiasis infection rates in the final model.
Conventional single-level logistic regression analysis selected more independent variables and had resulted in narrower confidence intervals than did the multi-level analysis. Per capita income, precipitation in October, and density of infected snails were statistically significant in the conventional logistic regression analysis, but were not significant in the multi-level analysis. For independent variables that were selected both by conventional logistic regression and multilevel modeling, the confidence intervals on the corresponding regression coefficients were all narrower using logistic regression. These discrepancies occurred because conventional logistic regression analysis ignores the hierarchical structure of the data, leading to overstatement of precision and inflated false-positive rates. 20 It is worth discussing the practical implications of our findings. The social, biological, and environmental risk factors of schistosomiasis infection identified in the present study are largely consistent with those identified in previous studies. [21] [22] [23] For example, the present and previous studies all showed that the risk of schistosomiasis japonica infection was much higher in lake and embankment areas as compared with hilly areas. The frequency of contacts with infected water by humans and livestock in the lake and embankment areas was much higher, so prevalence of schistosomiasis japonica was much higher in these areas as well. Other findings, such as being male, being 20-60 years old, and being a fisherman showed an increased risk of schistosomiasis japonica infection, and were also consistently observed in the present and previous studies. e410However, our multi-level analysis did not find a significant, independent effect of income and density of infected snails on schistosomiasis japonica infection. On the other hand, low income and high density of infected snails have been consistently found to be associated with schistosomiasis infection in previous studies that have ignored the hierarchical structure of the data, and have treated the data at a single level (by either lumping individuals into a single cluster or allocating cluster average values to individuals). 24, 25 These findings may have a bearing on the development of schistosomiasis japonica infection prevention programs, such as whether massive application of molluscicides to control snails in endemic areas is an effective preventive measure. 26, 27 It is therefore important both practically and theoretically to explore the reasons for the differences in results obtained from multi-level and single-level analyses. 
